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I n  

Arnold  

F e a s i b i l i t y  Stt idy f o r  the 
C o n s t r u c t i o n  of Medium S t r e n g t h  

Magnet ic  FEelds  f o r  S t s d i e s  
the Mechanical  Behavior  of M a t e r i a l s  

Dixon, Tommy C .  C r u c e ,  and A .  E .  Carden 

The o b j e c t  of t h i s  p r o J e c t  was t o  de te rmine  the f e a s b e b i l r t y  

of and t o  i n i t i a t e  r e s e a r c h  f n  the  mechanica l  behavLor of m a t e r i a l s  lfi 

tke p resence  of Pow-to-medim s t r e n g t h  magnet ic  f L e l d s  Such r e s e a r c h  

demanded famEElarEzat ion w % t h  p a s t  and p r e s e n t  w3rk, a s  w e l l  a s  some 

f a c i l f t y  f o r  pe r f c rming  c o n t r o l l e d  r e s t s  ~ VarLms  a r t i c l e s  were sec?ired 

( a s  c a t a l a g u e d  i n  the  l i s t  of r e f e r e n c e ) .  Concerning the  f n t e r a c t : m  2f 

magne t i c  f , e ld  and p l a s t i c  f low,  the c o n c l u s i o n  der; )<ed f r o n  rhe 

l t t e r a t s r e  s-krvey was t h a t  no major  e x p e r i m e n t a t i m  :,ad been performed 

a x l  r e p o r t e d  i n  thEs f i e l d .  T:;us, t o  s e r v e  the  second parpose  of t t ; s  

p r J j e i t ,  t w s  med im s t r e n g c h  e l e c t r m a g n e t i c  f i e l d  s t r c c c , r e s  were 

c 31;s E de r? d 2 

1' ti s o l e r , u i ~  t y p e  f i z i d  t o  praduce a mag.net9.c f E s l d  c s l r n e a r  w:tn 
the  Clfrect lon of the a p p l i e d  s t ress ,  

2) A s o l i d  c o r e  s t r u c t u r e  t o  produce a t r a n s v e r s e  f i e l d ,  W i t h  these 
t w o  proposed f i e l d  i l ev i ces , an  e x p l o r a t o r y  s t u d y  of the e f f e c t s  of 
magnet ic  f i e l d s  on m a t e r i a l  b e h a v i o r  cou ld  be performed,  

Background m a t e r i a l  f o r  t h i s  s t u d y  c o n s i s t e d  of fiUmeroilS a r t i c l e s  

and books a s  w e l l  a s  s e v e r a l  pub l i shed  b i b l i o g r a p h i e s  on the s u b j e c t  of 

e l e c t r o m a g n e t i c  phenomena. 

Tw G 

l? 

d e s i g n s  were adopted  f o r  c o n s t r u c t i o n :  

The s o l e n o i d  t y p e  f i e l d  was t o  be  used t o  s t b d y  the  e f f e c t s  of 
a magnet ic  f i e l d  c o l i n e a r  w i t h  an  a p p l i e d  stress,  
of t h i s  f i e l d  used  a p i e c e  of copper  f o i l  120 f e e t  l o n g  and 
12 i n c h e s  wide ,  The f o i l  was 0,020 i n c h e s  th i c ' k .  The d e s i g n  
can  best  be  i l l u s t r a t e d  i n  the a c t u a l  s t e p s  which were used:  

The c o n s t r u c t c o n  



S t e p  A ,  The f i r s t  d e c i s i o n  was r e l a t e d  t o  the c o r e  m a t e r i a l .  Tne 
c o r e  had t o  b e  ho l low and s h o u l d  p o s s e s s  the same p e r m e a b f l I t y  a s  
a i r 9  f o r  r e a s o n s  of c e n t e r i n g  t:re magnetEc f l a x  i n  the c e n t r a l  
.uoPErme of the c o r e  and n o t  i n  t h e  co re - suppor t  materLa1 I t s e l f .  The 
m a t e r i a l  shou ld  be s t r o n g  enough t o  p r o v i d e  mechanical  s 2 p p o r t  
f o r  t'te coppe r  f o i l  and a good conduc to r  of e l e c t r i c L t y ,  One 
a a t e r f a l  w i t h  these q u a l 8 f f c a t i o r x  was alumfn?im. The f i n a l  d e s l g n  
3f t t e  a l m f n u m  p i p e  which was used is shown i n  F l g h r e  1. 

S t e p  b .  The second d e c i s i o n  r e l a t e d  t o  the p h y s i c a l  dimensions of 
the coppe r  f o i l ,  I t  was dec ided  t h a t  two s o l e n o i d s  c o a l d  be  
constrc-cted from the a v a i l a b l e  m a t e r i a l .  Thus,  on t h i s  b a s i s  the  
coppe r  f o i l  was c u t  a s  shown i n  F i g u r e  2 t 2  j L e l d  two p l e c e s  of the 
same s i z e  and we igh t .  

S t e p  C .  C o n s t r u c t f o n  c o n s i s t e d  of d e v i s i n g  a meat.s of wf.nd%ng 
tLe f o i l  on the aluminum p i p e .  A f t e r  d e v i s i n g  a harid c r a n k i n g  
de-JLce w i t h  c e n t e r i n g - s p o o l s ,  t h e  f o i l  was wound on the c e n t e r  of 
the aluminxm p i p e .  The 2 i n c h  end of f o i l  was f a s t e i i ed  t o  -the p i p e  
and the s y m m e t r i c a l l y  wound f i e l d  was made a s  sPown xn FEgilre 3. 
The f ? s * , l a t i m  between the l a y e r s  of copper-fog1 was thlri myla r  p l a s t i c .  
T - r e  r e s l s t a n c e  of t h e  f i n a l  coEl was t o  be  approx ima te ly  C.C1 oiims. 

~1 Lbie secorld d e s i g n  was a s o l i d  core a i r - g a p  y 7 p z  s t r x t o r e .  T X s  
desig:!.. rer; i i ired the f l L x  l f a e s  t r a r , s v e r s e  t o  a c o n t r o l l e d  a'Lr gap  
2nd was t o  be bsed t o  s t ,dy the  t r a n s v e r s e  e f f e c t s  of the  mag:,et;"c 
f s e l d  or. a m a t e r i a l  m d e r  a Zmgi tudLna l  w ; a x E a l  s t r e s s .  Ite 
c o n s t r L c t f o n  c o n s i s t e d  o f :  

S t e p  A .  A w i r e  l a r g e  enodgh t o  c a r r y  approx ima te ly  53 amps was 
:;atarned (50  amps woGld i r ' sure  s a t u r a t i o n  of the  s o l i d  c o r e ,  a h 3  abohJt 
533  f e e t  of No. 8 s o l i d  coppe r  wire was o b t a i n e d  w i t h  a c l i r r e n t  
L . C I L L Y L l L 6  -----."n* LayuL&L> ---nn;f  r cf 5 8  amps) 

S t e p  B .  P u r e  i r o n  s a t u r a t e s  a t  abou t  2 1  k i l o g a u s s .  Other m a t e r i a l s  
( c o b a l t ,  e t c . )  would r a i s e  t h e  s a t u r a t i o n  p o i n t  and t h u s ,  the a i r  
g a p  f i e l d  s t r e n g t h  can  p o t e n t i a l l y  be about  2 5  k i l o g a u s s .  C o b a l t  
is r e l a t i v e l y  expens ive  and was n o t  immediately a v a i l a b l e .  Thus a 
very low c a r b o n  i r o n  was secu red  w i t h  a s a t u r a t i o n  p o i n t  of approx i -  
m a t e l y  19  k i l o g a u s s .  . 

S t e p  C ,  A d e s i g n  which would permit  ad jus tmen t  of the a i r - g a p  and 
k e e p  the amount of m a t e r i a l s  t o  a minimum was s e l e c t e d .  The r e l u c t a n c e  
of the f l u x  p a t h s  was a l s o  kep t  t o  a minimum. The d e s i g n  of the 
component p a r t s  and the f i n i s h e d  s t r u c t u r e  a r e  shown i n  F i g u r e s  4 and 
5 ,  (The c o p p e r  w i r e  was wound around the  c o r e  w i t h  550 t u r n s ) .  



3 

A d r y  didk r e c t i f i e r  (Dc welding u n i t )  w i t h  p o t e n t i a l  of 2 8  vdc a t  

230 amperes was used f o r  the power supply .  The o u t p s t  c u r r e n t  c o n t a i n e d  

a l a r g e  a c  r i p p l e  and was n o t  w e l l  r e g u l a t e d .  

There a r e  two proposed u s e s  f o r  these two s t r sc tu re s .  Zke f i r s t  

c o n s i s t s  of p l a c i n g  m a t e r f a l s  I n  t h e  magnet ic  f i e l d  a n d ,  by the use  of 

a t a b l e  model l n s t r o n  t e s t i n g  machine the e f f ec t s  of magnet ic  f i e l d s  on 

t h e  s t r e s s - s t r a i n  diagram a r e  measured. The second use i s  t o  melt  a non- 

magnetEc m a t e r i a l  and t h e n  l e t  i n  s o l i d i f y  i n  the magnetLC f i e l d .  i n  the  

f i r s t  of t'nese expe r imen t s  (performed w i t h  the i r o n - c o r e  s t r b c t u r e '  n 3  

c o n c l u s i o n s  were reached  becaclse of i n t e r a c t i o n s  of t he  magnet ic  f i e l d  

and the t e s t i n g  machine.  The second of t n e s e  snowed l i t t l e  o r  no e f f e c t  

on the r e s u l t i n g  h a r d n e s s  of a c a s t  s o l d e r  (Pb-Sn a l l o y ; .  

S e v e r a l  recommendations a s  t o  f u t u r e  u s e  of these s t m c t u r e s  a r e  

p r e s e z t e d :  

,.- 
I ,  A meaiis cf c m l i n g  b n t h  magnet ic  c i r c u i t s  i n  o r d e r  t o  reduce power 

l o s s e s ,  i r i c r ease  c u r r e n t  c a p a b i l t i e s ,  and improve t h e  s a t u r a t i o n  p o i n t s  of 

 ti-^ e3re m a t e r i a €  shoclkd be  des igned ,  

2) A more e f f i c i e n t  dc power sou rce  o r  e i t he r  f i l t e r  the p r e s e n t  

s o u r c e  i n  o r d e r  t o  remove unwanted a c  v o l t a g e  r i p p l e s  shou ld  be Incorp -  

o r a t e d  i n  the power supp ly .  

3') A h i g h e r  s a t u r a t i o n  p o i n t  m a t e r i a l  f o r  the  c o r e  of t he  s o l i d  

c o r e  s t r u c t u r e  such  a s  Permendur o r  Puron shou ld  be  o b t a i n e d .  

4) Aluminum Jaws on the g r i p p i n g  d e v i c e  of the I n s t r o n  shou ld  be 

used  t o  preverl t  unwanted f o r c e s  a c t i n g  on t h e  l o a d  c e l l  and the e l e c t r o n i c  

c o n t r o l  pane l  shou ld  be  s e p a r a t e d  from the t e s t i n g  f rame.  



4 

51 A supe rconduc t ing  s o l e n o i d  hav ing  a 50 t o  60 KG f i e l d  would 

p rov ide  a much s t r o n g e r  f i e l d  and should be o b t a i n e d  i f  t h i s  work is t o  

c o n t i n u e ,  

R a t e  of E f f o r t  

The amount of e f f o r t  expended on t h i s  phase was 283 h o u r s  s t u d e n t  

a s s i s t a n t ,  50 h o u r s  m a c h i n i s t ,  and 30 h o u r s  a d m i n i s t r a t i v e .  
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SECTION OF SHAPED FIELD SOLENOID 
FIG. I 

THICKNESS = 0.OZdJ 

SCHEMATK: OF METHOD O F  
FIG. 2 

SLICING FOIL ROLL 
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FIGURE 5 

5A. Sol id -Core  S o l e n o i d  
Pole-Piece Opening 
0.04" X 0.5" X 2" 

F i e l d  S t r e n g t h  a t  5 0  AMP 
a K i l o g a u s s  
1 9  

..__ .. ~. _ _  .. . 

! 

5B. S olid-Core S o l e n o i d  

For  Mechanical T e s t i n g  

The I n s t r o n  T e s t i n g  Machine i s  
shown set up f o r  performing 
t e n s i o n  t e s t a ,  (Magnetic a x i s  
i s  t ransverse  t o  stresft a x i s ) .  

5C. Shaped-f i e l d  S o l e n o i d  

S i z e  of Test Chamber = 
1 3/8" d i e .  X 2" Long 
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